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ABSTRACT 

High strength organic wastewaters are difficult to be biolo- 
gically treated due to high concentrations of degradable organic 
matter. Generally such wastes are diluted before biological 
treatment. An example of high strength organic wastes is dairy 
waste. In the present work, coagulation and adsorption processes 

were tried as a pretreatment with an objective of reducing the 

■i' ' 

organic strength of dairy wastewater to a biologically treatable 
1 evel . 

Coagulants like Aluminum sulphate. Zinc sulphatei Ferric 
sulphate and Ferric chloride were used in, an effort to bring 
down suspended and sellable COD. A1 urn"' gave a better suspended 
COD removal but zinc sulphate showed a better soluble COD remo- 
val. Ferric sulphate and Ferric chloride were not successful in 
removing eitner suspended or soluble COD. Sorbents like Sulpho- 
nated coal and Animal charcoal did not facilitate removal of 
soluble organics to any appreciable extent. 

Key Words: High Strength Organic Waste, Dairy v^aste, 

Pre treatment. Coagulation and Flocculation, 
Adsorption, Suspended Solids, COD, Soluble COD. 



1. INTRODUCTION 


The principal con tarain ants in regeneration of water from 
wastewater are suspended and colloidal solids, organic materials 
in solxible or insol xible form and susceptible for biodegradation, 
toxic materials and pathogenic organisms. Biological methods 
for removal of biodegradables is a commonly accepted practice. 
However, biological systems operate successfully in a narrow 
range of environmental conditions and are limited in application, 
xinless the waste parameters are brou^t to within the tolerable 
ranges of microorganisms. A number of liquid wastes are known 
to be difficult to treat' biologically due to hi^ concentrations 
of degradable organic matter. Such wastes are generally termed 
as hi^ Biochemical Oxygen Demand (BOD) wastes and include 
liquid wastes from sugar factories, breweries, distilleries, 
dairies, tanneries and the like, vaiich have BOD values In 
thousands. Dilution followed by biological treatment is adopted 
in these cases, increasing the vol'umes of wastes enormously. 

Understandably, physicochemical pretreatment to bring down 
the BOD of such high strength wastewaters -within the limits of 
biological treatment would be a desirable alternative. 

An example. of high BOD wastes is the dairy waste. Milk 
contains carbohydrates such as lactose, proteins such as casein 
and fats in addition to various minerals and majority of vita- 
mins (Ling, 1956) . “niese can be readily degraded by the micro- 
organisms found in nature. The BOD of vholesome milk is of the 
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order of 100,000 mg/l. Due to its high B0D:C0D (Chemical Oxygen 
Demand) ratio, the dairy waste can be treated efficiently by 
biological processes (Mohanrao and Subramanyam, 1972). Hence 
this -waste vras considered for the present investigation. 

To -vihat extent can the BOD be brought down and lAiether any 
soltxble organics can be removed by physico-chemical methods 
vrere the problems taken up for investigation. 

Chemical precipitation is an established method of removal 
of suspended and colloidal materials. While this process of 
destabilization and agglomeration of suspended particles is 
going on, it is anticipated that some dissolved organic matter 
may also be removed by various mechanisms like adsorption, metal 
binding, denaturation and the like. It is known that different 
coagulants have different affini-ties for hydrophilic and hydro- 
phobic colloids. Keeping some of these points in view, the 
experiments were planned to yield da-ta on removal of suspended 
and solvible organic matter using different coagulants. 

Ihe objective of the present work was reducing the BOD and 
the aim was not to produce an effluent for final discharge but 
•to work out a pre-treatment method to reduce BOD to the desired 


range. 
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2. LITERATURE REVIEW 

One of the industrial -wastes wixii known high BOD value is 
the dairy waste. Because of the location of a dairy in Kanpur, 
it was felt that this industrial waste c^ be used for experi- 
mentation. Hence, given below are the salient characteristics 
and work carried out on dairy wastes. 

2.1 Wastewater Characteristics: 

Dairy wastes comprise of wash water from milk cans, equip- 
ment, bottles and floors; components of spilled milk, spoiled 
milk, skimmed milk, vhey, buttermilk and wastes of any special 
process. The volume and the composition of the wastewater 
depends upon the capacity of industry, different types of prod- 
ucts made, the care with which the processes are conducted (to 
avoid leakages and spillages) and the amount of water used for 
vrashing cans, bottles, milk storage tanks, pasteurising units, 
pipelines, floors etc. and hence varies considerably with time 
and industry to industry. Milk itself being a mixture of various 
components like lactose, fat, casein and inorganic salts shoves 
considerable variation in ius general characteristics. Moreover, 
changes in physical condition of some constituents may modify 
their normal behaviour (Ling, 1956) . Hence there are different 
reports on characteristics of dairy wastewaters. 

Dairy waste contains mostly biodegradable organics. Hence 
the accent is on BOD and COD values. Mohanrao ,and Subramanyam 
(1972) have reported characteristics of small, medium and large 
dairies (Tables 2.1, 2.2 and 2.3), the BOD and COD of vbich 
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Table 2.1: Character! s-cics of the Combined Wastes from a Small 

Size Dairy* (Mohanrao and Svibrahmanyam, 1972) 

Volxome of Milk Processed = 12,800 1/d. 

'Waste Volume = 3.6 1/1 of milk. 

(All values excepr pH are expressed in mg/1) 


Combined V 

pK 

• • • 

8 .: 

To tal sol i ds 

• • • 

2,73C 

Volatile solids 

• * • 

2 , 205 

Suspended solids 

• • • 

1,8 1C 

Volatile suspended solids 

• • • 

1,66C 

Alkalinity as CaCO^ 

• • • 

22 c 

Volatile acids as (CH 3 COOH) 

• • # 

2C 

COD 


4, 5 1C 

BOD 

• • • 

3,07C 

cod: BOD 

• • « 

1.4'; 

BOD rate constant (K/day) 

• • • 

0 . IS 

Total nitrogen as (N). 


1 , 08 C 

Total phosphorus as (P) 

• mm 

11c 

Sulphates (30^) 

• mm 

, 4! 

Fat 

• • • 

1,39( 


* Average values of 10 composite samples. This dairy is pi 
aril y a pasteurisation and bottling plant and has severe 
restriction on. its water supply. 
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Table 2.2: Characteristics of Individual Wastes (6) from a 

Medium-Size Dairy* (60,000 1 of Miik/d) (Mohanrao 
and Subrahmanyam, 1972) 


(All values except pH are in mg/l) 



Butter 

Washings 

Rej ected 
Milk 

Milk 

ing 

Bottl- 

Waste 

pH 

4.7 

6.6 


7.8 

Alkalinity to pH 8.3 

Nil 

Nil 


Nil 

4.5 

100 

10,350 


256 

Total solids 

13,820 

85,920 


2560 

Total volatile solids 

10,640 

75, 500 


2000 

Fixed solids 

3, 180 

10,420 


56 0 

Suspended solids 

5, 112 

34,904 


1380 

Volatile suspended solids 

4,832 

33, 280 


1220 

BOD at 37°C 

10,000 

6 2, 000 


6 20 

COD 

16,000 

88,000 


1000 

^ ++ 

Ca 

180 

900 


140 

Mg 

12 

474 


49 

cod:bod 

1.60 

1.33 


1.61 


* Mostly bottling, preparation of butter and casein from 
soured milk. 
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varies from 800 to 3000 mg/l and 1300 to 4500 mg/l respectively. 
Verma (1974) have reported a BOD of 1500 mg/l and a COD 

of 24 00 mg/l in a dairy in U.P. TwD dairies in Himachal Pradesh 
at Chakkar and Shimla have reported BOD varying from 230 mg/l to 
2800 mg/l (Correspondence vath the Himachal Pradesh State Coop- 
erative Milk Producers' Federation Ltd., 1986). The strength 
of wastewater depends on the volume of water used in a dairy. 
Saxena and Subramaniam (1978) observe that about 10 litres of 
water is used per litre of milk and reported an average value of 
1000-2000 mg/l BOD. 

2.2 Effect of Dairy Waste: 

2.2.1 On Inland Surface Waters: 

The dissolved oxygen of streams and rivers is likely 
to be depleted if the water body contains organic matter which 
uses the dissolved oxygen for biodegradation. Ihough natural 
processes in the stream such as the txirbulence of the river, 
molecTolar diffusion from air and production of oxygen due to 
photosynthesis activity by the plankton replenish the oxygen in 
the system, if the rate of deoxygenation is greater than reoxy- 
genation, fish kills can occur and anaerobic! ty can set in. 

Dairy wastes contain soaps and detergents, lactic acid and 
butyric acids, sugar, whey and other siibs-cances that will cause 
water pollution directly or indirectly. Putrefaction due to 
rapid degradation of lactose and the production of lactic acid 
and butyric acids lead; to foul odours (Mohanrao, 1972). It 
was reported that at a dilution of i: 15, dairy wastes (excluding 


8 


whey) had distressing effects on fish (Doudoroff and Katz, 1950). 
Lactic acid can be toxic to fish at around 600 mg/l and low 
dissolved oxygen. Butyric acid — a product of anaerobic meta- 
boliam — has very unpleasant; rancid odotir. Beyond 100 mg/l 
concentration, it is known to adversely affect and above 400 mg/l 
kill trout fish. It is also known to affect Scenedesmus algae 
(Mohanrao, 1972) . 

2.2.2 In Public Sewers: 

The temperature of the dairy waste from 30° to 40°C 
is ideal for the growth of bacteria. As the -waste contains 
significant amount of carbohydrates and the temperatxore is ideal, 
the possibility of sewage mixture becoming septic in the sewar 
itself is very great and this may need additional pre- aeration 
in the se-wage treatment plant. Because of muc±i higher s-treng-th, 
the additional BOD load on treatment plant has to be considered 
(Mohanrao, 1972) . 

2.3 Treatment: 

2. 3 . 1 General : 

As is evident from high BOD: COD ratio, dairy wastes 
are readily amenable to biological trea-tment. A lot of work has 
been reported on trea-tment of dairy waste by biological methods. 
Nemerow (1978) has given a comprehensive review of conventional 
treatment methods like aera-tion, trickling filter treatment, 
ac-tivated sludge treatmen-c, land disposal, lagooning and 
anaerobic digestion. 
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Bull et. al . (1981) in their review of treatment methods of 
dairy wastewater have referred to less common methods of waste 
treatment like Rotating Biological Contactors (RBC ) , ion exch- 
ange, apart from chemical coagulation. They report that anaero- 
bic treatment is not a wide- spread practice as the anaerobic 
process is susceptible to failure due to volatile acid accumula- 
tion. Wherever used, these have been a first stage treatment 
followed by aerobic system. 

However, a few papers have reported the use of anaerobic 
packed bed filters for dairy waste treatment. Taori et. al . 

(1983) have achieved 88 percent COD removal in a pilot plant 
study of anaerobic packed bed upflow filters. Cardoba et. al . 
(1984) have reported 85 percent: COD removal with horizontal 
anaerobic filters. 

Alagarsaray and Bhalerao (1972) have reported as much as 
95 to 98 percent BOD removal from dairy waste-water by oxidation 
ditch — an extended aeration process. 

Agarwal and Suriapandian (1981) s-cudied -the treatment of 
dairy wastewarer in a laboratory scale RBC. They obtained a 90 
percent removal of COD. 

Satish Chand and Mehrotra (1988) have reported about 85 per- 
cent BOD removal from synthetic dairy waste by aerobic fluidised 
bed in a pilot plant study. 



2.3,2 Chemical Treatment: 

A few of the common coagulants like Aluminum siolphate. 
Ferric chloride. Ferric sulphate. Zinc sulphate and Lime have 
been considered. MadBiu Rani Sharma (1983) and Ahmad (1985) have 
made an extensive literature survey on these coagulants. 

Not much has been reported about chemical treatment methods 
of dairy wastes. Mihaltz and Czeko (1984) report that poultry 
and meat industry effluents with COD of 1500-2500 mg/l were 
treated in a dissolved air flotator with addition of 300 mg/l 
ferric chloride or alumin^im sulphate to get a COD removal of 85- 
87 percent. 

Sin^ (19S3) studied a two step treatment of an 

effluent from vanaspati ghee manufacturing unit, with chemical 
coagulation/de-emul sification follovjed by biological oxidation 
to get 90 percent effective recovery of oil, which coxild be used 
as a fuel. Alum, ferrous s'ulphate and ferric chloride were used 
for chemical treatment. Ronkainen (1976) used about 200-220 mg/l 
ferric chloride in a dairy wastevrater pond to get around 90 per- 
cent reduction in BOD and phosphorus contents. 

Tabakov (1979, 1984, 1984a) reports treatment of dairy 

wastevraiter with the use of electrocoagulation and electrofloc- 
culation. About 83 percent COD removal was observed* 



3. MATERIALS, METHODS AND EXPERIMENTS 


3.1 Materi al s : 

3.1.1 Dairy Wastewater: 

Effluent from ‘Parag* dairy (Kanpur SahaXari Milk 
Board Ltd., Kanpur) was used for the study. The effluent was a 
combination of wastewaters from pasteurization plant, washing 
section and Mil tone (a proteinaceous drink prepared with toned 
milk and ground-nut protein extract) section. 

3.1.2 Synthetic Wastewater: 

’Parag' milk available in the market was diluted 
with tap water to obtain the synthetic dairy wastewater. 

3.1.3 Chemical Coagulants: 

Aluminrmi sulphate (commonly known as Alum) , Zinc 
sulphate. Ferric sulphate. Ferric chloride and Commercial lime 
were used as coagiHants. Commercial lime was also used as a 
coagulant aid, . General details of the coagulants are given in 
Table 3.1. 

All other chemicals used were of analytical grade. 

3.1.4 Sorbents: 

Siolphonated coal and commercially available Animal 
charcoal . were used for adsorption tests. The Sxalphonated coal 
used had been prepared in the laboratory (Suneeth Kximar, 1987) 
and was of size 250-300 pm. 

3.1.5 Equipment: 

The equipments used in this study are listed below, 
(i) Jar test apparatus Phipps and Bird Inc., U.3.A. 



Table 3.1: 


General Details of Chemical Coagulants Used 


Chemical 


Aluminum 

sulphate 


Ferric chloride 


Zinc sxilphate 


Formula 


Percent Name of the manufacturer 
puri ty 


Al^CSO^)^. 97 

ISH^O 

FeCl^ 96 


Thomas Baker (Chemicals) 
Pvt. Ltd., Bombay, India 

Sarabhai M. Chemicals, 
Baroda, India 


ZnSO^. 99 

7H2O 

Fe2(S04)3 


Sarabhai M. Chemicals, 
Baroda, India 

Reidel-Def fachag Seelze- 
Hannover, W. Germany 


Ferric sulphate 
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(ii) Turbidimeter Model 2100, Hach Chemical Co., 

1 o wa , U . ^ . A • 

(iii) pH meter Elico Digital pH meter. Model 

LI- 120, Elico Pvt. Ltd., 
Hyderabad 

(iv) Millipore filter Millipore Corporation Bedford, 

assembly and filter Massachusetts, U.S.A. 

paper 

3.2 Method of Analyses! 

In most of the cases, samples vere analysed immediately 
after the experiments. In a few cases vhen samples were analysed 
after some lapse of time, preservation procedure prescribed by 
Standard Methods (1984) was followed. 

3. 2. 1 Turbidity Measurements! 

Measurement of turbidity were taken immediately after 
sample collection from experiments. Tne instrument, Hach turbi- 
dimeter, was standardised every time before use with the help of 
standard turbidity suspensions prepared as per the Standard 
Methods (1984) . 

3.2.2 pH Measurement! 

pH was measured using a pH meter. The instrument, 
Systronics pH meter, was srandardised every time before use with 
with commercial buffer solutions. 

3.2.3 Chemical Oxygen Demand (COD)! 

COD analysis was conducted as per the method given 
in Standard Methods (1984). A sample volume of 20 ml or a 



fraction diluted to 20 ml was used for the analysis. Solxible 
COD was determined after filtering the samples throu^ 0,45 p 
membrane filter paper. 

3.2.4 Biochemical Oxygen Demand (BOD): 

The 5 day BOD analysis vras conducted as per the 
method given in Standard Methods (1984). 

3.2.5 Alkalinity: 

Alkalinity was determined by indicator method speci- 
fied in Standard Methods (1984) . The indicators used were phenol- 
phthalein and methyl orange. 

3. 2,6 Total and Suspended Solids: 

Total solids and suspended solids were determined as 
per the Standard Methods (1984), 

3,3 Experimental Procedure: 

3.3,1 Standard Jar Test Procedure’- 

The six place jar test apparatus was used for coagu- 
lation experiments. Dairy waste brought was allowed to settle 
for one hoxir and the supernatant was used for jar tests. Each 
jar contained 500 ml of sample. Apposite quantities of coagulants 
were administered into the jars keeping one jar as a control. A 
rapid mixing at 100 rpra for one minute w^as followed by slow 
mixing at 30 rpm for twenty minutes, Tne residual turbidity 
after thirty minutes of settling was used as the index of the 
extent of coagulation. About 50 ml of sample was collected from 
each jar with the help of a pipette for analyses. 

The required amount of the coagulants were added during 
rapid mixing. All the coagxilants were added in solution form. 

Lime suspension was thoroughly mixed before addition. 
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3.3.2 Adsorption Studies: 

To rind out the adsorption of soluble COD on sorb- 
ents, various doses of' sorbents ranging from 300-4000 mg/l were 
placed in sampling botules containing 50 ml of alum clarified 
supernatants. Rotary shaker (16^ rpra) whs used to ensure 
"thorou^ After 2 hours, the samples were filtered 

throu^ membrane filter to remove the sorbents added before 
analysing for COD. 



4 . 


RESULTS AND DISCUSSION 


Physi co—cheiTiica.1 itietihod.s airo used as primary treatunent 
units to be followed by biological methods for treating most of 
the biodegradable organic wastes. Since the range of tolerance, 
for input concentrations and various parameters in biological 
treatment processes . is narrowiy restricted/ certain amount of 
reduction in BOD and COD values, adjustment of pH, temperature, 
volume and/or concentration equalization is needed before biolo- 
gical treatment can be adopted. This is achieved by various 
methods like the use of holding tanks, chemicals, simple dilution 
etc. Tne last method naturally increases the volume of wastes, 
enormously leading to economic non viability of biological treat- 
ment systems. 

Chemical coagulation and flocculation is a widely used 
method in water treatment and vjas popular in the early stages of 
development of wastewater treatment systems. Ignored for a long 
time, due to various reasons like handling and cost of chemicals, 
close supervision requirements etc., the methods are again gain- 
ing attention in recent years to tackle special problems like 
heavy metal removal, polishing effluents to a better desired 
level of treatment for parameters like phosphates etc. Most 
widely used coagulant chemical is aluminum sulphate, followed by 
iron salts, lime .and magnesium salts. Removal of suspended 
inorganic and organic materials represented by turbidity measure- 
ment by coagulation and floccxilation is well known. Use of 
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coagulants to remove colour, representing soluble organics is 
also reported in literature (Metcalf and Eddy, 1979). 

Wastewater suspended solids are divided into organic, inor- 
ganic, settleable, filterable or colloidal according to their 
behaviour. Colloids can be differentiated into two types. The 
hydrophobic colloids, vdnich are common in surface vraters, con- 
sist chiefly of inorganic materials. On the other hand the 
suspended and dissolved solids, being the degradation products 
of food materials like polysaccharides, fats and proteins, are 
mostly organic macromolecules.. Some of these colloids are hydro- 
philic in nature. Owing to this innate natural differences bet- 
ween the two types of colloids, some behavioural differences are 

boxmd to occur even if they are not pronounced sometimes. It is 

_ 2 

known that particles with a size above 10 mm form settleable 

—6 — 3 

solids, those between 10 mm and 10~ mm are considered to be 

-7 

colloidal, vhile below 10 ram, they are molecular and h.ence form 
dissolved solids. Typical classification of solids found in 
medium strength wastewater are listed in Figure 4.1. Because of 
electrokinetic properties, colloids remain in suspension. Many 
hydrophilic colloids function as protective colloids and 'fcoagu- 
latlon of such system requires rather drastic treatment with 
massive doses of coagulant salts, often ten to twenty times the 
amoiant used in conventional water treatment. Information concer- 
ning the action of coagulanus on many hydrophilic colloids is 
lacking. Further research is needed" (Sawyer and McCarty, 1978) . 
In an attempt to find out physicochemical merhods for reducing 
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Figure 4. Classification of Solids Found in Medium Strength Sewage (Metcalf and 
Eddy, 1973) . 



suspended solids represented by turbidity and organic materials 
represented by COD measurements to an acceptable level for 
biological treatment# experiments were carried out with dairv 
was-ces collected from a local dairy. After determining the appro 
ximate dose of a coag\ilant# attempts were made to find out if any 
soluble organics have also been removed along with suspended 
materials by estimating solxible COD values. 

It was found and also reported in literature# a wide varia- 
tion of COD and turbidity values of actual wastes collected at 
different times (Mohanrao# 1972) . Most important was the sellable 
organics variation vhich were sometimes more and sometimes very 
less. For this reason# not realized earlier# there was variation 
between experimental results causing confusion in the validity 
and reproducibility of resiolts. Many ejqaeriments were discarded 
and only experiments with natural wastes of similar characteris- 
tics were taken for presentation in the thesis. Ihe inference 
from this observation is the need to have an equalization tank 
in the field conditions. Wherever it was possible, average 
values of three experiments were taken from wastewater of simi- 
lar characterisrics. 

Characteristics of a typical waste used for the experiments 
are shown in Table 4.1. 

4.1 Simple Sedimentation: 

It was observed from the characteristics ■ of dairy wastes 
used for experiments that they had hi^ suspended solids content 
and a portion of them were settleable. Hence# the wastes were 
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Table 4.1: Characteristics of Combined Wastewater of 'Parag' 

Dairy 


Colour 

Turbidity 

pK 

Total alkalinity as CaCO^ 
Total solids 

Settleable solids 

BOD 

COD 


Milky viiite 
200 NTU 

6.85 
5 16 mg/l 
8 20 mg/ 1 
2.5 ml/1 
1104 rag/l 
1600 mg/l 


bod: COD 


0.69 



allowed to settle for one hour and COD of the supernatants were 
also found out. These supernatants were used in subsequent 
coagulation experiments. Table 4.2 gives the variation in the 
characteristics of dairy wastes brought on different days over 
a period of nine months. It is evident .on the face of it that 
all the three parameters monitored vary considerably. 

Ihe presence of sertleable solids may be attributed to the 
waste from a special process of manufacturing Mil tone in vhich 
protein extract from groundnut is used. The wastewater from this 
process consists of groundnut wasre and also some protein extract. 
This groundnur wastes is responsible for the settleable property 
observed. Probably due to different amounts of this w’aste in 
the samples collected, there is a large variation of percentage 
turbidity removal by simple sedimentation. But, as is observed, 
this turbidity removal has no direct correlation with COD removal. 
Probably this is because of the variation in soluble and suspended 
COD ratio in the sample and some non oxi disable material in the 
groundnut powder. 

4.2 Experiments with Alxom: 

Initial experiments in screening coagulants V7ere started 
with most popxilar chemical, alxominum sulphare (Al^CSO^) 2 - IdH^O) , 
commonly referred in v:ater trearmenu as alum. The chemical reac- 
tion of alum wdth the narural alkalinity of the medium is 

Al^CSO^) 2 . I6H2O + 3Ca(HC02)2 

2A1(0H)2 + 3CaS0^ + 600^ + ISH^O 



-P iH 
















lO 

04 

VO 

m 


Tt 

tH 

CM 

CM 

ro 


CM 

in 

00 

0) > 

t 

• 

• 

• 

\ 

• 

• 

• 

• 

• 

t 

• 

• . 


O 0 

0 

ro 

ro 

cn 


0 

crv 


tH 

tH 

00 

VD 

Ov 

ro 

k Q E 

LO 





ifi 

in 

in 


CM 

tH 

tH 

tH 

tct 

0 ) o o 















04 U Di 













































-P H rH 
c HD nj 

o\ 

m 

VO 

• 

CM 

• 

ro 

• 

0 

• 

• 

0 

• 

ro 

• 

in 

• 

ro 

« 

• 

[ 


ro 

0) -H > 

CN 

ro 

lO 

ro 

0- 

CJv 

0 

ro 

r- 

r- 

o\ 


tH . 

ro 

0^9 

VD 

VO 


ro 

CM 

CM 

CM 

ro 

ro 

CM 

CM 


tH 


M u E 















0) 0 0) 















Cm ^ ^ 















0) 















i-H 









0 

ro 


ro 



•9 •T' 









• 

• 

• 

• 












0 


0 




r-t Q ? 

{ 

1 

I 

1 

1 

I 

1 

1 

0 

t-H 

00 

CM 

! 

1 

O O G 









CM 


CO 




m o 










% 

% 

% 












CM 

tH 

tH 

tH 














tH 




■p 















d 















fd 

<y\ 

rH 

CD 

m 

0 

00 

0 

0 

0 

VO 

0 

0 

0 

tH 

■P iH 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

f 

• 

• 

(d \ 

if) 

VO 

o\ 

CM 

ro 

00 

T~i 

0 

0 

VD 

CM 

CO 

tH 

tH 

d O' 

04 

CD 

vD 

ro 


ro 

tH 

0 

0 

in 

r- 

tH 

in 

VD 

p e 

xt 

tH 

0 - 

0 

CO 

ro 

VD 

I> 

tH 

in 

ov 


r- 

in 

<D 

% 


% 

%> 

% 


% 




% 

% 

% 

% 

ftQ 

tHI 


ro 

rH 

ro 

tH 

rH 


ro 

VD 

VD 

in 

VO 

VO 

d o 











tH 


tH 


cn o 















4 ^ 















d 















(d >1 















+> -P 















d H P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 

0 

d T) tn 

if) 

04 

crv 

0 

fO 

CM 

CO 

CO 

If) 

00 

0 

VD m 

0 

0 

P -H % 




tH 

t -4 

r -4 



r— 1 


VD 

« « 

CO 

CM 

<D ja 












tH 



ft p 












Si— ✓ 



d d 















CO B 
















LO 

0 

00 

0 


0 

0 

0 

0 

0 

0 

if) 

0 

0 

r—J 

• 

• 

• 

• 


• 

• 

• 

• 

• 

• 

t 

• 

- • 

P[\ 

CD 


CM 



tH 

0 


0 

c^ 

tH 

m 

CM 


O Cn 

0 - 

c 5 

CJV 

CM 

I 

0 


CM 

0 

CM 

r- 

VD 

tH 


o e 

CD 

ro 

VO 

CD 



a\ 

If) 


ro 

00 


CO 

VD 


% 



%> 


% 


% 

% 



% 

«■ 

% 


04 


VD 

ro 


CM 

ro 

r -4 

0 

CO 

0 

VO 

0 

tH 










rH 


CM 


CM 

tH 

>1 















43 















^ di 

in 

if) 

m 

0 

0 

0 

,0 

0 

0 

0 

0 

0 0 

0 

0 

•H £-< 

ro 

uo 

CJv 

lO 

00 

I> 

0 

CM 


tH 

in 

VD m 

0 

in 

■? ^ 

t -4 



tH 

tH 

tH 

t-H 

tH 

CM 

tH 

00 


CJ\ 

r^ 

W 

5 
















04 

0 

0 

in 

0 

c 

ro 

0 

0 

0 

m 

OV 

r- 

r- 


rH 

a\ 

t^ 

00 

cr. 

CM 

ro 

r- 

tH 

0 

CD 

ro 

0 

a\ 

ft 

. ♦ 

VD 

VO 

VO 

if) 

m 

VO 

in 


VD 

VD 

VD 

VD 

vD 


• ' .# 















H 0 

T-f 

CM 

ro 


in 

VO 

r- 

CD 

CJ\ 

0 

tH 

CM 

ro 


to 2 










tH 

tH 

tH 

tH 

tH 



ITie solubili-ty equilibria of amorphous Al( 0 H) 2 (s) is given 
in Figure 4.2. Preliminary screening for alum dose was carried 
out with concentrarions varying from zero to 1000 mg/l. 

The results are presented in Figure 4.3 in vhich the turbi- 
dity and COD removals seemed to be good at 200 mg/l of alum. Ihe 
alkalinity of the waste was above 500 mg/l and was sufficient for 
alvim coagulation. Even though turbidity is removed almost comp- 
letely (96 percent), removal of COD was only 60 percent. 

Variation of alum dose from zero to 200 mg/l gave varying 
results with samples obtained on- different days (Figures 4.4, 4.5 
and 4.6) . It can be seen that there is a slight variation of pH 
and initial values of turbidity and COD. The significant point 
that emerged out of these e3q)eriments is that no direct correla- 
tion could be seen in turbidity removal and COD removals, indica- 
ting rhat The nauure of suspended solids as well as soliible 
organics may have significance in these esgserimental results. 

It is obvious than removal of turbidity does not necessarily 
mean removal of organics when these are perhaps in the soliible 
form. To elucidare this point, the following experiment with 
alum dose variarion from zero to 250 mg/l wras conducted taking 
intX) account the soluble and suspended COD (Figure 4.7) vhich 
indicares that soluble COD is not removed to any appreciable 
extent. The eOTerimenrs with alxm indicaue xhat the turbidity 
could be removed anywhere from 70-90 percent or more, rotal COD 
can only be removed from 20—55 percent and soluble COD is not 
significantly removed in the process. 




Fig. 4-2 Solubility Equilibria of Amorphous At(OHi 
(S) at 25 *0 (Weber, 1972 ). 
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4.3 Experiments vd.rh Zinc Sulpha-ce: 

Zinc sulphate has been reported to give good removal of 
sewage colloids viiich are organic hydrophilic colloids (Ahmad, 

1985) . Milk solids are also of a similar nature. Moreover zinc 
is known to bind prouamines and other proteins. Hence zinc salts 
were used for coagulation and flocculation with a hope that some 
dissolved solids may also be removed. Ihe chemical reaction of 
zinc sxilphate with the narural alkalinity of the medixim is 

ZnSO^.TH^O + Ca(0H)2 55 =^ CaSO^ + ZnCOH)^ + 

Keeping in view the optimxm pH at viiich the zinc hydroxide solu- 
bility is raihim\jm, i.e., between pH 9 to 10 (Figure 4.8), commer- 
cial lime was used as a coagulant aid. 

Slop tests were conducted with zinc sxilphate dosage varying 
from zero to 100 mg/l and about 400 mg/l of lime (to increase 
alkalinity and pri) . The results indicated that the dose 30 mg/l 
gave the best removal of turbidity. Also, a yellowish colour 
development was observed at hii^er doses of zinc sulphate. 

Hence doses upto 30 mg/l only were considered for further exper- 
iments. 

Jar tests were conducted with varying zinc sulphate and 
lime concentrations. A dosage of 10-30 mg/l zinc sulphate alone 
and at lower concentraxu-ons of lime did not facilitate any removal 
of suspended particles. 

Experiments were carried out with zinc sulphate concentration 
of 20 mg/l and 30 mg/l and lime concentrations varying from 100 
to 600 mg/l. The result of a series of jar tests conducted with 
these dosages has been shown in Table 4.3. One important obser- 
vation was that even at these dosages of zinc sulphate, colour 



Table 

4.3: 

Turbidity and 
Lime 

COD Removal 

Using Zinc Sulphate 

and 

ZnSO^: 
mg/1 ; 

1 

Lime 

mg/1 

pH 

1 1 

1 I 

Turb-J Percent ! 

idity*, Turbidityl 

NTU 1 Removal 1 

1 1 

1 L. 

1 1 

CODJ Percent; 
mg/i; COD \ 

; Removal', 

t 1 

1 l_ 

Soluble! 
COD ; 

mg/l : 

Percent 

Soliible 

COD 

Removal 

00 

00 

5. 12 

155 

- 

5555 

- 

19 19 

- 

20 

100 

5.00 

140 

9.6 

5303 

4.50 

19 19 

- 

20 

200 

5.00 

135 

12.9 

5050 

9. 10 

1919 

- 

20 

300 

5 . 20 

100 

35.5 

5303 

4.50 

1818 

5.30 

20 

400 

6.00 

45 

70.9 

40 40 

27.30 

17 17 

10.50 

20 

500 

6.30 

40 

74.2 

4040 

27.30 

16 16 

15.70 

20 

600 

7.50 

37 

76.1 

4125 

25.70 

1666 

13. 20 

20 

700 

8.50 

32 

79.3 

3996 

28. 10 

1630 

15. 10 

20 

800 

8.70 

... 


4340 

21.87 

1775 

7.50 



(colour) 







20 

900 

( colour) 


- 

- 

- 

- 

- 


30 

100 

5.00 

140 

9.6 

5303 

4.50 

19 19 

— 

30 

200 

5. 20 

80 

48.4 

5050 

9. 10 

19 19 

- 

30 

300 

5. 20 

80 

48.4 

5050 

9. 10 

19 19 

- 

30 

400 

6. 14 

40 

74.2 

4040 

27.30 

16 16 

15.70 

30 

500 

6.40 

34 

78. 1 

4040 

27.30 

1565 

18.45 

30 

600 

7.47 

37.5 

75.8 

4598 

17.20 

1738 

9.40 

30 

700 

8. 12 

32.5 

79.0 

3996 

28. 10 

1557 

18.86 

30 

800 

8.80 

(colour) 

- 

- 

4520 

18.60 

1811 

5.60 

30 

900 

( colour) 

- 

- 

- 

' - 

- 

- 



CONCENTRATION OF DISSOLVED METAL (mg/I) 



2 3 4 5 6 7 8 9 10 *11 12 13 

pH 


Note, — Pioned data for meui sulfides bssed or\ experimental data listed in Seidel! s 
solubilities 

SOURCE: Solubilities for metal hydroxides are taken from curves by Freedman and 
Shannon. “Modem Alkaline Cooling Water Treatment.*’ in Industntf Wafer Engineering 
(p. 31). Jan -Feb 1973. 


Fig. 4.8: Solubility of Zinc Hydroxide as 
a Function of pH. (EPA, 19S0) . 



developed around pH 9. Ihe colour of the samples were spectro- 
pno tome ori cal ly measured (after cenrri fugation ro remove minute 
sloes) and round that it was around 360 colour units in platinum 
cobalr scale. This colour development may be due to zinc complex 
with colestrum presenr in the milk. 

Figures 4.9 and 4,10 give an idea of turbidity, total COD 
and soliible COD removals for 20 mg/l and 30 mg/l ZnSO^ respecti- 
vely. Tne turbidity removal and total COD removal seem to have 
some correlatioi. upto a certain level. Some removal of dissolved 
COD is observed as the lime dosage increases. Tnis removal may 
be due to adsorption of soluble organic molecules on to the gela- 
tinous precipitate of zinc hydroxide. 

Unlike the case of alum coagulation, the results v;ith ZnSO^ 
show that the removal of suspended organic matter and soliible 
organic matter have no relation with each otrier. As can be seen 
in Figures 4.9 and 4.10, the suspended COD has not been removed 
to a large extent but soli±)le organics reduction is observed. 

4.4 S:.m>eriments with Ferric Sulphate: 

Tne use of ferric salts as coagulants is common knowledge. 
However this practice was more prevalent before alum gained 
potularity. In certain experiments reported vdth these coagu- 
lants on domestic wastewater, removal of colloids have been good 
(Madhu Rani Sharma, 1983) . The chemical reaction of ferric 
sulphate with lime are 

'Fe^iSO^) 2 + 3Ca(0H) 2 k ' -b 3Ca30^ + ZFeCOH)^ 




Zinc 


C£MT REMOVAL. 



LIME ('»wg/t) 

Pig# 4#10 s Turbidity, Total COD and Soluble COD reiwDval by Zinc 
sulphate and Lime 5 At 30 mg/l Zinc sulphate# 













Preliminary experiments with ferric sulphate were conducted 
with 25, 50 and 100 mg/1 of the coagulant and 100-300 mg/l of 
lime. Lime doses were decided considering the minimum soliibi- 
lity of ferric hydroxide between pH 4 to 7 (Figure 4.11). 

Removal of turbidity or COD vras not appreciable as observed 
by the above ejg>eriments. In these cases, yellowish brown colour 
development was observed indicating that ferric hydroxide was 
still in the solttble form. By visual observation, 25 mg/l ferric 
stilphate dose seemed to give a better clarification. 

Further experiments wdth higher dosages of lime to increase 
pH and alkalinity, at 25 mg/l ferric sulphate concentration, 
resulted in about 75 percent removal of turbidity but negligible 
reduction in COD (Table 4.4), No explanation could be given to 
this except for hypothesizing that some interference has crept 
in COD determination. 

Hence fxirther experiments were not conducted with this 
coagulant. 

4.5 Experiment with Ferric Chloride: 

Next to alum, ferric chloride is the most popular among 
coagulants in water and wastewater treatment. Hence ferric 
chloride was used in coagulation and floccxilation experiments. 

For different coagulant doses, varying from zero to 1000 mg/l at 
a pH of 6.15 which is in the range of optimum pH for ferric 
hydroxide formation, there w^s no removal of turbidity. Colour 
development w’as observed for all the doses. Hence investigation 
wras not continued in this area. 

4.6 Adsorption Tests: 

The failure of different coagulants to remove solvible orga- 
nics from the dairy wastew’ater led to an interest towards 
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Table 4.4: Turbidity and COD Removal by Ferric Sulphate and 

Lime 


Ferric 

Sulphate 

mg/1 

Lime 

mg/1 

f 

pH 

1 

J Turbidity 

; NTU 

1 

1 

t 

J_ 

I 

1 

I Percent 

J Turbidity 

I Removal 

1 

-1 

COD . 
mg/1 

Percent 

COD 

Removal 

0 

0 

5.94 

77.5 


4672 

- 

25 

100 

6.46 

77.0 

- 

4420 

5.3 

25 

200 

7. 11 

22.5 

71.0 

4545 

2.7 

25 

300 

7.26 

27.0 

65.2 

4444 

4.9 

25 

400 

7.80 

27.5 

64.5 

4494 

3.8 

25 

500 

9.04 
( colour) 

— 

61.3 

- 

— 


Table 4.5: COD Removal by Adsorption on Sulphonated Coal and 

Animal Charcoal 


Sorbent 

Sulphonated Coal , 



Animal 

Charcoal 

Dose 

COD 

t 

I Percenr COD 

COD I 

Percent COD 

mg/1 

mg/1 

I Reirioval 

1 

1 - - - - 

mg/l I 

- 1. . 

Removal 

0 

405 , 


405 

- 

300 

372 

8. 1 

353 

12.8 

500 

402 

- 

36 3 

10.4 

1000 

39 2 

3. 2 

373 

7.9 

2000 

39 2 

3. 2 

36 3 

10.4 

3000 

402 

- 

363 

10.4 

4000 

402 

- 

373 

7.9 




Log Concentration, moles/I 
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Fig. 4-11 Solubility Equilibria of Amorphous Fe(OH' 
(S) at 25 ‘c (Weber, 1972) 
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adsorption process. Protein adsoirption on activated carbon has 
been reported by Sugimoto (1976). Since activated carbon 

was not immediately available, tests were conducted with sxalpho- 
nared coal and animal charcoal. 

The adsorption tests were conducted on jar test supernatants. 
Results of these slop tests are given in Table 4.5. Tests conduc- 
ted with sorbent dosages of 0-4 g/l gave negligible removal of 
solxible COD. Hi^er doses were not tried because the removal of 
COD did not increase with increase in sorbent doses. 

4.7 General Discussion: 

Ihe total study, ^an fortunately has not given encouraging 
resxilts. It strengthens the notion that chemical treatment was 
not useful in reducing the soluble BOD. Some fifty percent of 
total COD could be removed initially with the use of alum by way 
of suspended solids removal. The wide variation in both quality 
and quantity of suspended solids and COD in the wastes over 
different time periods escaped the vinder standing in experimen- 
tation. Better planning could have yielded some better presen- 
table results. 

4.8 Conclusions: 

1. Coagulation and flocculation is useful in removing 

most of the suspended and a little of soluble organic 
matter represented by COD values. 

Zinc sulphate removed more soluble organics than 
aluminum sulphate. 


2 . 
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•vic«: 

3. Absorbents like sxilphonated coal and animal charcoal 
did not facilitate removal of soluble organics to any 
appreciable extent. 

4. Chemical coagulation and floccxilation can be used 
only to a limited extent for reducing COD and suspended 
solids in high BOD wastes like dairy waste. 



/. I. Kmpur. 


A^. No. A. •ttfii.. 

5. SUGGESTIONS FOR FUTURE WORK A 10^0 70 


After conducting the investigations, the author finds 
that many a gap has emerged during the process of reporting 
the work, elucidation of which is needed but covild not be 
pursued. Some of these are passed on for future work but 
are actually shortcomings of the present work. 

1. Composite sampling may be used for experiments keeping 
in mind the sudden variation of waste strength and ■ 
intermittent flow. 

2. Further detailed study may be carried out on adsorp- 
tion to investigate its removal of soluble organics in 
hi^ strength wastewaters. 

3. Other physicochemical methods may be tried for removal 
of solxible organics. 

Other hi^ strength organic wastes may be used for a 
similar study. 


4 . 
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